Abstract: This paper presents a synoptic review of sustainability literature currently available. Distillation and synthesis of this research enabled the development of Key Concepts of Radical Innovation for Sustainability. They are presented here as diverse strategies of sustainable development/sustainable product design (SD/SPD) needed for truly radical innovation. The key concepts are of major significance, as they are projected into the research outcomes of this thesis: a Conceptual Educational Framework and Guidelines for industrial design and engineering sustainability in undergraduate tertiary education, published separately. This paper highlights the interdisciplinary and holistic nature of sustainable design, as 'wicked' problems requiring radical innovation in their design development. The key recommendations are embodied within four concepts: 1 emphasis on the social element of SD/SPD through context and creativity 2 systems thinking via product-service systems (PSS) 3 complementary sustainable design strategies -eco-effectiveness first through cradle-to-cradle (C2C) design principles, eco-efficiency follows for optimisation 4 strategic design.
Introduction
"Within business there exists a gap between the current understanding of sustainability (an understanding rooted in a linear economic system driven by efficiency that allows only for relative improvements in ecological and social well-being) and the need to shift emphasis to a more radical position that encompasses the societal case and the natural case, operating within the Earth's carrying capacity, alongside a more cyclical economic model." (Xiao and Wang, 2007) , cited in Dewberry and Monteiro de Barros (2009, p.29) Radical innovation is recognised as necessary to achieve substantial ecological improvement. Design and engineering are seen as 'core catalysts of change' [Dewberry and Monteiro de Barros, (2009), p.29] , and the main foci of this research.
Sustainable issues have been well understood since the 1960s. Holistic views have been clearly articulated since Buckminster Fuller (1969) invented the powerful metaphor where he likened the earth to a spaceship. This idea recognised the interrelatedness of humanity. It advocated synergies and cooperation between all professions -planners, architects and engineers. In the same period, Schumacher (1973) questioned whether humanity could be found in a large-scale economy, and advocated small-scale, local and self-sufficient production to embody basic human needs and values. This required, in his view, a complete overhaul of how the global economy is run. Although we have good understandings that have developed over half a century, little has changed in practice.
There are now ominous gaps between expert knowledge in the field of sustainability, and what is currently practiced in mainstream tertiary education of industrial design and engineering. This presents a problem, but also an opportunity.
Hence, the motivation and rationale for this research (Haemmerle, 2011) : to focus on tertiary education for industrial design and engineering at undergraduate level. This was to motivate the future professionals confronting the issues of sustainability in the design and manufacture of products. Radical innovation for sustainability requires a radical shift in mainstream education for industrial design and engineering.
This research (Haemmerle, 2011) investigated the literature for key concepts of radical innovation for sustainability. It also examined teaching for successful practices in international tertiary education for design and engineering, and investigated final year industrial design and engineering students in New Zealand. This was to practically assess learning.
The New Zealand survey results and international comparison were presented at a peer reviewed conference held in Auckland, 2011 (Haemmerle and Shekar, 2011) . These research strands enabled the design and development of a Conceptual Educational Framework and Guidelines for both disciplines, to be published separately. This paper will focus on the underlying principles of the key concepts of radical innovation for sustainability. A major sub-theme is the need for collaboration between industrial design and engineering.
Definitions of SD/SPD
Sustainable development (SD) first became known in 1987: "Sustainable development seeks to meet the needs and aspirations of the present without compromising the ability to meet those of the future" [WCED, (1987), p.40] . It took into account that socio-economic factors needed to be included in environmental protection efforts. Sustainable design, which comprises sustainable product design (SPD), evolved with deeper understanding and a broadening of scope as follows:
1 Green design: Has a single-issue focus, perhaps incorporating the use of some new material, such as recycled or recyclable plastic, or considers energy consumption.
Key concepts of radical innovation for sustainability
The key concepts of radical innovation for sustainability are a direct outcome of this research (Haemmerle, 2011) , and a unique synthesis of the SD/SPD information gathered, with the process presented here. A digest of the literature was organised and structured as concepts, to simplify the important points. It was the rationale of this research to use a wide perspective, across the boundaries of individual disciplines, as recommended in much of the literature. The concepts provide clarity and simplicity in a territory that is large and complex, and include some conflicting viewpoints. The transdisciplinary nature of the discovery phase therefore made an integral contribution to the outcomes of this research, applying design process, from complex to simple. Source: Haemmerle (2011) The first iteration involved the ordering and grouping under major umbrella headings: context; a review of what was meant by sustainable design; what design strategies are currently used; and also expert views on how to move towards sustainable design. Further perspectives were gained, separating the holistic description of design into the disciplines of industrial design, engineering, and their education. The second iteration and further simplification enabled the formation of key concepts, which evolved as follows:
• context evolved into the recognition of the importance of social context
• an historical overview of the meaning of sustainable design evolved into the recognition of a broadening of scope from products to systems, culminating in product-service systems (PSS) • a review of sustainable design strategies evolved into the recognition of currently opposing design strategies of eco-efficiency and eco-effectiveness, and that these could be complementary • an investigation of expert views evolved into the recognition of the need for strategic design, where sustainable behaviour is targeted and rewarded through a design/technology interface.
Concept 1: emphasis on the social element of SD/SPD

Principle: SPD is people-centred
Symbiotic effects between ecosystem services and human well-being
The use of products and the human behaviour/environmental interface cause much environmental damage (Fletcher and Goggin, 2001 ). The current negative human impact on the environment (Institute, 2005) , can be reversed, requiring a widening of horizons:
• product focus -making existing products more resource efficient
• results focus -producing the same outcome in different ways
• needs focus -questioning the need fulfilled by the object, service or system, and how it is satisfied [Fletcher and Goggin, (2001) 
Needs focus is concerned with people; therefore SPD is people-centred and should embed human and non-human need. The challenge is that sustainability will mean different things to different people within a 'local' context, making a 'one-size fits all' approach unsuitable. A 'responsive' approach will be required instead of one that is 'impositional', i.e., not imposing a Westernised model onto other cultures or environmental scenarios, but to be responsive to what works best in local conditions, both culturally and environmentally [Walker, (2002), pp.3-4] .
Humans are part of the system
The integral importance of the human factor for SD is strongly emphasised by the Rio Declaration.
Principle 1 Human beings are at the centre of concerns for SD. They are entitled to a healthy and productive life in harmony with nature (Development, 1992) . Chiapponi (1998) described the environment as a "system which included mankind" and that design could play an active role in addressing environmental problems. Chiapponi warned of reducing environmental design simply to recycling issues and promoted interdisciplinarity to provide complexity of thought and different expertise. Humans must be understood as part of the system; all environmental problems are those that involve humans, therefore previous detrimental actions can be reversed through human design.
This makes emphasis on the social element of SD/SPD a powerful tool for reintegration of humans with their environment, and the regeneration of healthy ecosystems. Early environmentalists (Carson, 1962) first highlighted the destructive attitudes and behaviour of consumers and industry towards the environment, and were also against the industrial mores that had helped to alienate human kind from nature and empathy with other living species. Modern industrial manufacturing systems are driven by specialisation and economic concerns, so that a wider perspective is lost or not valued. Yet this wide perspective of systems thinking, that humans are part of the system and connected to the environment and other life-forms as well as the economy, is precisely what is necessary (Carson, 1962) .
Carson accurately depicted the bio-accumulating effect of toxic chemicals and/or other toxic substances when stored and accrued in all life-forms, as they are passed on and enlarged in the food chain. The disastrous effects of toxic chemicals can impact on animals and humans alike, interfering with the endocrine system, causing cancer and/or mutations. What is little known is that products can also contain thousands of synthetic chemicals, which are legal yet remain largely untested (Foster and Clark, 2008) . This remains relevant today, and of great concern to industrial designers and engineers, as products impact on the end-user during use, and become part of the landscape through landfill. Yet the links between toxic chemicals, products and their negative consequences remain largely invisible, and also unaccountable.
It is "this larger ecological critique that challenged the whole nature of the modern production system that represented her most enduring contribution" [Foster and Clark, (2008), p.15] . The worst chemicals such as DDT have now been banned, but the fight to change industrial and consumer behaviour has only just begun. The challenge for industrial designers and engineers is to change user behaviour: with products that promote SD, are simultaneously benign in their composition and use, and also have meaning and are a delight to use.
'Wicked' problems require collaboration and input of diverse viewpoints
SD/SPD are essentially 'wicked' problems (Rittel and Webber, 1973) , cited in Rith and Dubberly (2007) . They are ill-defined, complex problems involving numerous stakeholders and requiring diverse viewpoints, and systems thinking that include and emphasise the social element in problem definition. This requires different and/or combined approaches, realised through multidisciplinarity in practice, and in tertiary education.
Technology needs to be linked to human behaviour
Technology has often been portrayed as a negative force -a mechanistic and overbearing juggernaut. Heidegger [1953 Heidegger [ (1977 ] in his seminal essay 'The Question of Technology', saw that technology created incoherence and a disconnect between people and the natural world. This needed to be balanced by a deeper, more poetic and spiritual meaning of technology. This Heideggerian viewpoint was further developed by Borgmann (1984) , who described technology as a 'device paradigm' by which people have learnt to interpret the world, primarily through hardware. According to Borgman, this can be remedied through an emphasis on 'focal things and practices'.
In a review (Manes, 2002) of Davison (2001) , Davison did not share the more negative, and thus nostalgic views of Heidegger. Davison builds on Heidegger's writings and recognised that technology must not be seen in its purely technical interface, but as two distinct levels: foreground/tangible technical offering, devices, etc., and more, importantly, background/intangible. The latter embodies human experience and interaction with the natural world, and all that is entailed in human behaviour. Davison concludes that this separation of foreground and background effects of technology have divorced human practices from their spiritual beliefs. Whilst providing insights rather than remedies, Davison calls for 'sustaining technologies' "to introduce play, grace and care into the personal realms of our practical lives, now dominated by the logic of instrumentality" [Manes, (2002), p.4] .
In the context of sustainability, others (Orr, 2002 (Orr, , 2003 advocate that the challenges must be made visible:
This transition must include the human psyche through spiritual awareness in solving divergent problems, requiring a 'spiritual renewal', of some kind which "cannot be just a return to some simplistic religious faith of an earlier time. It must be founded on a higher order of awareness that honors mystery, science, life and death" [Orr, (2002 [Orr, ( , 2003 
The path to secularism has been long (Taylor, 2007) , and in some ways diminishing. Taylor concludes that this has left us living lives devoid of (higher) meaning. Whilst theology lies within another realm of experience, the human desires for purpose, belonging and spirituality in the everyday must not be discounted: qualities of human aspiration are inevitably embedded in the products and services of our time. We hope for products which embed the right messages, the best practices and are causes for optimism about the planet's future.
An extension of the concept of capital wealth is also proposed by Porritt (2005) , who advocated approaching sustainability positively in order to deal with holistic rather than single-issue problems. Therefore, a better fusion of technology and user behaviour will be of prime importance to activate positive change. These two areas must not be isolated from each other, but combined. In a dual, or multiple approach, industrial designers and engineers will then be able to reward user behaviour through a more responsive and responsible design/technology interface (Midden et al., 2007) .
Design/technology interface can promote SD/SPD
The authors give four roles of technology: intermediary, amplifier, determinant and promoter. Used as a promoter, "well-designed technical environments, systems, and products have a great potential for supporting environmentally sustainable behaviour" [Midden et al., (2007), p.155] . Numerous examples of 'design mindfulness' can be found (Thackara, 2005) , where technology plays a supporting role to promote quality of life. Thackara's project examples show how the internet and social technologies can be used for open source applications that can be intrinsically educational, and communal.
However, technology and design must be seen within the context of institutions (i.e., habits and traditions, norms and values), and create opportunities and potential for transition to a more sustainable quality of life (Vlek and Steg, 2007) . The authors underpin the social and psychological changes necessary, requiring multidisciplinarity, especially across social and behavioural sciences. For industrial design and engineering, it means positively influencing the product itself, sustainable materials systems, collective effects of using a product or product-service system and sustainable user behaviour. Industrial designers, engineers and others need to collaborate and concern themselves with holistic problems, rather than addressing smaller, individual fragments of a larger design problem.
Well known seminal works (Maslow, 1971; Maslow and Lowery, 1998) , describe how 'deficiency' needs of one's own person have to be met before 'growth' needs, extending towards an outer context, can eventuate. Also Max-Neef (1992) , notes that basic human needs are: subsistence, protection, affection, understanding, participation, leisure, creation, identity and freedom, satisfied through being, having, doing and interacting. This can be applied to sustainability, or, in his ecological word, 'flourishing' (Ehrenfeld, 2008) . Ehrenfeld posits that three domains must be fulfilled to counter the dictates of consumption: natural domain (caring for fauna and flora i.e., non-human), human domain (caring for oneself -see above) and ethical domain (caring for others). In Ehrenfeld's view, SPD can only be achieved when all three domains are satisfied, through integrating user integrity and decision-making within design.
Radical innovation requires a changed nature of products and PSS
Since the industrial revolution, well-being is now increasingly expressed through the Western model of production/consumption. Only 20% of the world population are able to afford product-based well-being, but use 80% of resources (Fuad-Luke, 2009 ). Papanek (1985) , advocated design for need instead of wants. According to the Design education and sustainability (DEEDS) project, needs are part of the human condition (Spangenberg et al., 2010) . As products are becoming the means to satisfy human needs, design responsibilities clearly lie with industrial designers and engineers.
The authors differentiate between ecodesign, dealing only with eco-efficiency of environment and economy, and sustainable design (or design for sustainability -DfS), which needs to concern itself with larger issues, systems, consumption and production (Spangenberg et al., 2010) . SPD strategies include dematerialisation and to focus on human needs instead of 'product-based well-being' (Manzini, 2002; Vezzoli and Manzini, 2008; Bhamra and Lofthouse, 2007) . Vezzoli and Manzini (2008) , advocate PSS and extend this to include experiences, events and interactions or 'access-based well-being' (Vezzoli and Manzini, 2008) .
Vezzoli and Manzini claim that PSS or 'light products' alone will not achieve sustainable behaviour or lifestyles. As products can be technological solutions for problems that arise from cultural origins, we need to address the source of problems (e.g., security systems are necessary because of a lack of contact with neighbours to participate in 'neighbourhood watch'). Theory U (Scharmer, 2007) has been developed to harness and promote collective leadership skills, based on awareness as a creative process. A five-staged approach attempts to overcome the 'blind spot' to problems, through intense, collective Co-Initiating (to build common intent through listening), Co-Sensing (go to the places of most potential, through open mind and heart observing), Presencing (to connect to the source of inspiration through inner knowing), Co-Creating (to prototype the new through doing) and Co-Evolving (to embody the new in ecosystems that are holistic).
Many products have evolved to increase human comfort by removing 'work'. This can result in a diminished capacity for people to solve problems with their own means, even creating new problems. Instead, Vezzoli and Manzini (2008) propose enabling solutions through 'context well-being', to address design problems at their source, to consider new forms of well-being, a 'life-context', defined as "well-being that takes into account the entire scene in which human life takes place". This requires a social learning process [Vezzoli and Manzini, (2008) , p.24] and necessitates a changed nature of products and PSS through user-centred 'enabling' design solutions.
Concept 2: transition towards system thinking via PSS
Principle: system innovation 2.2.1.1 Combination of radical + incremental innovation = system innovation
According to Tischner (2008) , the greatest sustainable benefits include radical and incremental innovation, through system innovation (combining knowledge, technology and organisation/management with human behaviour). Management can be user-oriented PSS defined as: a tangible product, a service done for others and a system as a collection of elements (Goedkoop et al., 1999) , as cited in Baines et al. (2007) .
Systems thinking, macro problem definition and radical innovation
Supported by previous literature (Bakker, 1995; Van Hemel, 1998; Brezet, 1997) , Bhamra (2004) formulates two design approaches: incremental or innovative design:
• Incremental (improvement or evolutionary) approach: This tends to deal with the following factors: optimisation; efficiency; technology; new materials; existing product redesign. It has a single product or environmental issue focus.
• Innovative (radical or revolutionary) approach: It tends to deal with the following factors: effectiveness; innovation and creativity; mimicking natural principles and ecological models; engaging cultural and lifestyle factors. It is multi-disciplinary, extending beyond a single or traditional product and company boundaries [Bhamra, (2004) , p.559].
The need for systems thinking is clearly indicated for environmental strategies (Jackson, 1996; Van Hemel, 1998 ), cited in Bhamra (2004 . They also define the conceptual design phase where the greatest influence on SPD can be affected. At the 'fuzzy front end' one is dealing with problem definitions rather than problem solutions, which are more likely to be 'cultural' than technical [Hirschhorn et al. (1993) cited in Bhamra (2004) ]. The scope of the design problem is likely to be larger, more diffuse but also with more freedom and opportunities, with potential for 'system innovation'. In Figure 2 , this 'design space' and scope of design opportunities will become more limited, the further one proceeds (Hodgson et al., 1997) , cited in Bhamra (2004) . It becomes extremely important that environmental considerations be part of the conceptual design process from the very early stages onwards, to achieve more radical and innovative SPD; a key finding from the DEEDS project (Bhamra, 2004) . 
Result-oriented, functional PSS the most successful
According to Tukker (2004) , the three main categories can be differentiated into eight subcategories, see Figure 3 . Findings from Sustainable Product Development Network (SusProNet) were that ultimate environmental benefits are due to the type of PSS used. Therefore PSS with the greatest potential for radical innovation for sustainability should be developed: firstly, result-oriented, functional PSS, (specifically function-oriented) and thereafter, use-oriented product renting, pooling and sharing (Tukker, 2004) .
• Product-oriented PSS: Incremental environmental improvements.
• Use-oriented PSS: Product renting, sharing and pooling can have great environmental benefits, but with tangible and intangible disadvantages for the user [Tukker, (2004) , p.259].
• Result-oriented PSS: (Specifically function-oriented PSS) -greatest potential for environmental benefits. A functional result i.e., achieving an outcome, is the focus, but is not directly defined by the product and/or technology itself (i.e., pleasant interior climate rather than gas/cooling equipment). The importance of the product as the core component of PSS diminishes and the overall need becomes increasingly abstract and experiential, the further one progresses through the PSS sub-categories 1 to 8 [Tukker, (2004), p.249] . 
Concept 3: complementary sustainable design strategies
Principle: eco-effectiveness first, eco-efficiency follows
Currently opposing design strategies
Sustainable design strategies can broadly be divided into two approaches; eco-efficiency and eco-effectiveness, which currently oppose one another.
• eco-efficiency/cradle-to-grave -tangible design task, optimising product and processes.
• eco-effectiveness/cradle-to-cradle (C2C) -systems thinking with broader, holistic viewpoint (PSS), beneficial materials selection, as 'nutrients' that can be 'upcycled' within closed loop cycles.
Eco-efficiency/cradle-to-grave/life-cycle management
Life cycle management (LCM), also known as life cycle design (LCD) or life cycle thinking (LCT), is a linear model that contributes to levels of sustainability with incremental improvements. This is supported by life cycle assessment (LCA), and achieved through eco-efficiency, of ensuring that each stage of a product's lifecycle is implemented efficiently, using less materials, resources and cleaner manufacturing processes, with the goal of reducing or minimising environmental impacts (Seuring, 2004) . As in Figure 4 , the eco-efficient LCM model remains linear with a cradle-to-grave philosophy, i.e., products and manufacturing processes which result in waste. 
Eco-effectiveness/C2C
In contrast to eco-efficiency, which seeks to reduce, reuse, recycle and is supported by LCM/LCA, a C2C approach (McDonough and Braungart, 2002) seeks not to be just efficient in the way things are managed, controlled and optimised (doing things right), but to address problems at their source through eco-effectiveness (doing the right things). Figure 5 shows how eco-efficiency operates through reduction and minimisation of harm to ecological systems, whereas eco-effectiveness operates through expansion of beneficial ecological systems. Contrary to the common views that developed from the 1970s onwards (WCED, 1987) , that growth was harmful and that the human footprint had to be reduced to be sustainable, C2C has at its core that growth is good. Products, services, systems and their materials can be beneficial to the environment in excess when they are treated as valuable nutrients within cycles, with no concept of waste. Biological nutrients can be composted and returned to the biosphere, whereas technical nutrients remain in closed-loop cycles, to be reused within the technosphere (McDonough and Braungart, 2002) . Eco-efficiency is cited as "to get more from less: more product or service value with less waste, less resource use or less toxicity" achieved via: dematerialisation; increased resource productivity; reduced toxicity; increased recyclability (downcycling); and extended durability [Braungart et al., (2007 [Braungart et al., ( ), p.1338 .
Reduction in all senses means using less: but using less of what? The authors point to the fact that recycling will be 'downcycling' in many cases, as valuable materials are downgraded when mixed with other types of plastics, metals, etc., and can only be used for secondary, often inferior purposes and not in their original context. Instead of targeting 'zero waste, zero resources and zero impact' they promote an 'upcycling' of materials, using a system of intelligent materials pooling, where materials can be returned and/or improved after a 'defined use period' (Braungart et al., 2007) . Therefore durability, to withhold (harmful) substances from the disposal period for as long as possible in the eco-efficient model, is not as desirable anymore within the eco-effective model. Instead, materials become valuable nutrients waiting to be reintegrated into the biological or technical cycle after use, whilst still needing to uphold their integrity for their intended purpose. PSS then become part of larger systems as upcycling of materials for the biosphere or technosphere [Braungart et al., (2007 [Braungart et al., ( ), pp.1341 [Braungart et al., ( -1346 .
This means that, rather than striving for incremental improvements in eco-efficiency towards reduction of (harmful) products, manufacturing processes and materials, it is necessary to educate to achieve the radical innovation using the C2C eco-effective model. Knowledge of beneficial, sustainable materials, extraction and manufacturing processes is then required at an in-depth level. Products need to be designed as valuable components of PSS, with disassembly of parts, materials, etc., integrated into the design. The authors claim that the LCA approach is unsuitable for achieving eco-effectiveness, as it is linear and promotes cradle-to-grave activities. Eco-effectiveness demands a more cyclical approach for C2C design, using a framework of steps (McDonough and Braungart, 2001 ):
Step 1 Free of the most dangerous substances.
Step 2 Personal preferences: substances to include, based on the best available info.
Step 3 The passive positive list: toxicity assessment according to ratings.
Step 4 The active positive list: optimisation of substances up to the stage of nutrient.
Step 5 Reinvention: radical new concepts, PSS.
Yet, "Efficiency and effectiveness can be complementary strategies….Once effectiveness has been achieved, efficiency improvements are not an environmental necessity, but a matter of equity. They are necessary to ensure the fair distribution of goods and services" [Braungart et al., (2007 [Braungart et al., ( ), p.1342 . First the 'right things' i.e., 'wicked' problems have to be identified within design problem definition (1), and design problem solution (2), at the conceptual design phase (eco-effectiveness). It is here that the largest steps can be made towards radical innovation through creativity. After that, all other stages need to be executed efficiently, by 'doing things right' (eco-efficiency), and through incremental innovation. But rather than to minimise harmful effects, eco-efficiency then becomes a way to optimise and maximise positive effects achieved through the initial C2C/PSS concepts, and distributed throughout all NPD stages.
Strategies can be complementary when used in specific order
Opposing strategies can become complementary when used in this order:
• eco-effectiveness first-doing the right things
• eco-efficiency follows-doing things right.
Concept 4: transition towards strategic design
Principle: strategies to change behaviour
Consider local cultural and environmental habitats as stakeholders:
what benefits can we create for...? Walker (2002, pp.7-8) suggests reframing to create possibilities of how things could be, "in fresh ways to create a material culture that is consistent with and beneficial to personal and social well-being, environmental stewardship and economic stability. For this we must start with fewer pre-conceptions and improvise as we go". SPD needs to embody meaning from the past and present, or set a future scenario of a more sustainable quality of life, towards which one moves in the 'moving present' (Buchanan, 2001) , i.e., backcasting/foresighting. Meaning is the purpose of a product or PSS (Walker, 2006a) , in keeping with Maslow's Hierarchy of Human Needs. More recently Walker (2006b Walker ( , 2011 , explores a post-consumer world through practical design research. Here, objects are linked to personal meaning, place and the environment, while connecting the local with global and mass manufacture with local production. This requires a change in the role of the designer.
Engage + reward positive user behaviour through design/technology
According to Walker (2006a) , Functional + Social/Positional products combine functionality with identity and social status, resulting in transient fashion trends. Social/Positional + Inspirational/Spiritual will not necessarily threaten sustainability. Functional + Social/Positional + Inspirational/Spiritual products are linked to meaning and higher emotions, and therefore the most valuable goal. Detrimental consumerism can be converted to positive growth via eco-effectiveness. Stegall (2006) conceives this as 'intentional design' ascending through: philosophies of resources, form and function, purpose and spirit. Targeting the highest component of purpose and spirit in conceptual design will automatically include the preceding components of philosophies of resources and form and function. The focus of a product/PSS must be on user behaviour, on its use and intention. The aim is then to promote sustainable behaviour through positive ways that engage and have meaning for the user, that delight and give enjoyment with purpose and spirit within the diverse context of local environment and culture (Stegall, 2006) . Dogan and Walker (2003) find users presently too far removed from the creation of products, so that responsibility for the environment is perceived as far away and not in the scope of the ordinary citizen. Instead, the authors advocate "Integrated scales of design and production for sustainability" (ISDPS) [Dogan and Walker, (2003), p.138] , where international and local processes are combined, integrating: direct encounter in the creation of material goods; transience of products to be recognisable; and localisation input into design, production and post-use [Walker, (2003), p.189] . It is important to realise that a 'one size fits all' approach is not appropriate when considering the human context, as the 'social' element of SPD needs to embody meaning, experience, culture and habitat, which are all diverse and essentially local.
Combine local/global design, manufacturing and disassembly
Systemic changes involve social learning processes
Ways to integrate strategic design (Manzini, 2009 ) called for radical changes in lifestyle. For designers this meant "to rethink themselves, to rethink how they operate and reshape their position in society" [Manzini, (2009) , p.6]. Manzini gave three important points:
a Research on eco-efficiency has been successful, but it has not improved the overall picture Using less of everything, being efficient in our use of energy and materials, lightening of products, etc., is not enough. Instead we have to do things in completely new ways, consider new ways of living and how we interact with products, services and systems.
b Recognising the environment problem is not synonymous with more sustainable choices and behaviour
The over-exposure of environmental threats in the media can lead to fear-based, negative and even dangerous behaviour. It is imperative to provide positive, sustainable solutions as visions of sustainability.
c The feasible alternatives found so far indicate new qualities.
The enabling capacities and qualities of self, private and public spaces, physical 'commons' such as air, water, landscape, social 'commons' such as neighbourhoods and communities, the use of time and the integration of 'local' and culture are all points to consider as emerging issues. The emphasis is to build on assets at all levels: personal and communal know-how and capabilities, local materials and cultural meaning. The conference saw a new role for designers, as connectors, facilitators, enablers, 'visualisers and visionaries', change agents, and required new design knowledge and education (Manzini, 2009 ).
These ambitions of design for empowerment are also described by Fry (2009) In Fry's view the design professions and education need a redirection away from products solely for economic profit, and towards producing more choice, less dominated by vested commercial interests. This necessitates a revolution (Senge et al. , 2008) , to counter the effects of the Industrial Revolution: one that is positive, that engenders passion (and compassion) at all levels of design, engineering and business. Senge, a systems pioneer, offers the Venn diagram for the three overlapping domains of natural, human and ethical. Senge and his co-authors provide many inspiring company stories, as well as practical methodologies to achieve 'the necessary revolution'. However, there is not a consensus about sustainability. In the view of some critics, a revolution is not necessary. The planet can be saved by a technical fix and all we have to do is dream, or rather re-invent the dream, of the conservative past wherein responsible landowners do their duty as custodians (Scruton, 2012) . This work is a reminder that the politics of left and right have their own conflicting views of sustainability.
Complementary professions of industrial design/engineering
Strengths of individual professions
While engineers are mostly concerned with technology and technical solutions, the industrial design profession grew from a combination of both production/consumer interests (Sparke, 2004) . Earlier critics of the design profession such as Papanek, Buckminster-Fuller and others (Chiapponi, 1998; Margolin, 1998 ) saw a new role for design, which should distance itself from pure consumerism. Designers should reinvent themselves "to find ways of engaging the massive problems that confront mankind" [Margolin, (1998), p.91] and to identify worthwhile projects. Margolin (1998, p.92) claimed that ".....design remains invisible because the design professions have not done an adequate job of explaining to themselves and others the powerful contribution they could make to the process of creating a sustainable world". Spangenberg et al. (2010) declare that satisfiers, i.e., products and PSS, will depend on culture and local conditions, with complementary roles for design and engineering in achieving 'true satisfiers' of sustainable consumption, whilst also addressing needs.
A reason for the statement "Industrial design is an under-utilised resource for ecodesign" (Lofthouse and Bhamra, 1999) , cited in Sherwin and Evans (2000, p.115) , is that the differences and therefore differing strengths of industrial design and engineering are still not fully realised (Sherwin and Evans, 2000) . The authors cite prior distinctions made "…industrial design is commonly seen as 'people-centred' and engineering design is commonly seen as 'technology-centred" (Bates and Pedgley, 1998) , and that industrial designers would be 'familiar or proficient' with a wide range of topics, and design engineers specialising in only a few topics (Lofthouse, 1999) . Sherwin and Evans concluded: "This means that industrial designers deal more in the realms of the consumer and behavioural orientated design issues using incomplete information and knowledge, while design engineers focus more on technological and product focused design issues using more prescriptive design methods and precise information" [Sherwin and Evans, (2000) , p.115]. Sherwin and Evans (2000) also distinguish three types of design activities within the product development process (PDP):
• Primary design: Innovation driven -concept-based, looking towards the future.
• Core design: Present day projects -continuation of families of products.
• Continuous improvement: Improving parts of existing products.
According to their research, industrial designers are utilised in industry within core design and continuous improvement for 90% of their time, yet their strengths lie in creative thinking and radical new concepts. Sherwin and Evans (2000) suggest that industrial design is best utilised at the primary or conceptual design phase, to achieve radical levels of innovation, with entirely new concepts. Where the PDP is already more advanced, where eco-efficiency, materials selection, fixtures and technical solutions are required, this is an area for design engineering. They point to the dominance of the latter 'technocentric' view towards SPD. Their viewpoint, and that of this research, is that this will have to change: the full potential of industrial designers will be required within strategic design to achieve the more radical levels of innovation at the conceptual design phase (Sherwin and Evans, 2000) . Sherwin (2004) reported on the separation between industrial designers and engineers, and that designers were largely absent from large, commercial projects, where design input came mostly from engineers, with a technical background. This resulted in technical solutions, which sought to achieve incremental improvements and supported by the life cycle approach towards eco-efficiency first. The focus of the life cycle approach on the 'technicalities' of design was already documented (Sherwin and Bhamra, 1999; Sherwin, 2001 ). Sherwin warned of seeing the life cycle approach as being the one and only measure of best practice: yet from his experience, this is predominantly the case within industry. He claimed that "In contrast, practice in sustainable design -going 'beyond eco-design' and being more innovative in nature -is rather scarcer" [Sherwin, (2004) , p.23], citing examples: Walker (1998), Dewberry and Sherwin (2002) ; Manzini and Jegou (2003) . Sherwin (2004) emphasised that SPD, or 'designed sustainability', is people-centred with a socio-cultural focus, that calls for a strategic role of design better equipped to attain levels of radical innovation rather than incremental improvements. Humphries-Smith (2008, p.264 ) cited socio-centric examples (Manzini and Jegou, 2003) , stating: "Therefore, there is a clear link with these notions regarding the socio-centric dimension and the definition of sustainable design …., which requires the fulfilment of peoples' needs but in an eco-efficient way which considers ethical supply chains as well as 'cradle to cradle' considerations". Whilst acknowledging that creativity is not exclusive to designers, due to their 'inherent skills and training', designers have:
"…the potential to conceive of and propose more sustainable solutions that might be attractive and desirable to people as alternatives to current unsustainable lifestyles and behavioural practices. Similarly, the sheer scale and nature of sustainability requires radical, new thinking and solutions. The strategic orientation of designed sustainability (above) suggests designers may have some key skills -such as creative and imaginative minds -to conceive new sustainable solutions." [Sherwin, (2004), p.29] The main cumulative thrust of the documented literature is that designers need to step-up their involvement in SPD at the conceptual level, and for the barriers to multidisciplinarity to be challenged. Everyone acknowledges professional silos can be damaging, yet we continue to be comfortable in our tribal divisions.
Conclusions
This research (Haemmerle, 2011) promotes Radical Innovation for Sustainability. The paper, in total, is a current review of sustainability literature. This overview in turn has been distilled to form Key Concepts of Radical Innovation for Sustainability. These concepts advocate radical innovation in four categories of action: 1 emphasis on the social element of SD/SPD through context and creativity 2 systems thinking via PSS 3 complementary sustainable design strategies -eco-effectiveness first through C2C design principles, eco-efficiency follows for optimisation and governed by 4 strategic design.
The Key Concepts are used as a means to structure the information and to offer a way forward for educators and syllabus builders. The synthesis of this research is based upon a whole systems view, and a wide perspective across disciplines, for the simple reason that radical innovation has to be multidisciplinary. The radical, innovative and multidisciplinary aspects of this research have also generated a syllabus document, the Conceptual Educational Framework and Guidelines, to be published separately. The word 'radical' is important, as incremental tinkering is no longer adequate (Brezet, 1997) . Radical Innovation for Sustainability implies a changed nature of products and PSS. Business is essential in achieving this, but commerce is the means of leveraging goals rather than an end in itself. The pursuit of profit alone has to be replaced by pluralistic criteria, such as the 'triple bottom line': economics, ethics, environment (Kaplan and Norton, 1996) or even wider cultural criteria. This can be expressed positively as the 'triple top line ' (McDonough and Braungart, 2002) , as the pursuit of flourishing and beneficial growth within the three domains of Equity, Ecology, and Economy, otherwise termed as People, Planet and Profit. A recent helpful formulation is Human (caring for basic human needs), Natural (caring for fauna and flora i.e., nonhuman) and Ethical (caring for others) (Ehrenfeld, 2008) .
This change of context and re-purposing will also mean changes to the way industrial designers and engineers are educated. Here at least in the studio and classroom, we can remove silos and build upon their synergistic roles within mainstream tertiary education. The arts and humanities focus of industrial design complements the technology focus of engineering.
SD/SPD has been recognised in the literature to be people-centred, yet has largely been driven by incremental improvements in technology through eco-efficiency. The emphasis must shift to the social element of SD/SPD. This requires industrial design input at the early design phase putting eco-effectiveness first, for example by using C2C and result-oriented, functional PSS design strategies.
Rather than the incremental eco-efficient improvements via technology alone, a combined design/technology interface can achieve much more radical, innovative and eco-effective 'enabling' design solutions. If the overarching target is to make changes in user behaviour, users or user surrogates must be embodied in team working. If we want silos to be broken down at a professional level, there is a need for multidisciplinarity at undergraduate level. This sets in motion a rehearsal and simulation for the way the world works.
Because destructive human behaviour is at the core of unsustainability, changing human behaviour will have the greatest beneficial effect. Beyond that, higher level policy makers, politicians, economists and thought leaders have to engage with the big picture, and large-scale systems thinking. Only then will synergies arise that benefit each of the domains in a symbiosis, which mirrors natural organic symbiosis. Commitment comes from motivation. Daniel Pink has articulated the forces which motivate human beings as mastery of skill, autonomy over actions and the adherence to a higher purpose (Pink, 2009 ). The higher purpose at an individual level can, of course, be religious, spiritual, or metaphysical. But with the call for sustainability we have a ready-made and obvious higher purpose….a physically pragmatic but evangelical goal. Pink defines purpose as 'the yearning to do what we do in the service of something larger than ourselves'.
